INTRODUCTION
The search for the use and exploitation of industrial and agricultural wastes of commercial interest is increasingly intense. This can be observed especially in agribusiness, representing a potential source of income and a way of reducing waste generation and environmental impacts. Moreover, the increasing improvement of the ceramics industry, the need for technological advancements for a better cost / benefi t ratio of materials have encouraged the diversifi cation in the supply of raw materials, seeking to integrate different production chains. Creating products from this waste adds value and creates wealth, which makes them very attractive. Reducing waste generation in industrial and agricultural processes, better using them, creating routes with lower cost, cheaper products and reducing the release of wastes into the environment are the goal of any economy seeking modernization and preservation of natural resources. In the Brazilian context, one of these examples is rice husk.
According to the National Supply Company [1] , the national production of paddy rice for the year 2011 was estimated at 13,733,200 ton. In rice husks, the main constituents are cellulose (about 48%), lignin (about 23%) and the rest are other organic compounds such as oils and proteins [2] . In the plant straw, which corresponds to about 10% by weight of paddy rice [3] , there is a high concentration of silica, with approximately 13% by weight. Other compounds such as K 2 O, CaO, Na 2 O, Al 2 O 3 , MnO, P 2 O 5 are also found in proportions that depend on soil nature and plant variety. These compounds are considered impurities, since they modify the properties of silica [4] . Their burning under controlled conditions produces a black residue, the rice husk ash, which is rich in amorphous silica.
Among mesoporous materials, M41S-type materials stand out, which were discovered by Mobil Oil Co. in 1992 [5] 
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Resumo
This work aims the synthesis of materials similar to MCM-41 in short periods of time, using rice husk as a single source of silica in their composition. Thus, this study searches to add value to rice husk, an abundant and cheap material, considered a byproduct or waste from the rice benefi ciation process, which can be used in adsorption and catalysis processes.
EXPERIMENTAL STAGE
The literature shows that it is possible to obtain pure silica from rice husk [16] . Thus, rice husk was submitted to two treatment processes, thermal and chemical. In the thermal treatment, based on adopted procedures, husk was calcined in heating rate of 4 °C/min up to 600 °C, where it remained for additional 4 h. Later the rice husk was submitted to chemical treatment; 25 g of calcined rice husk was leached in refl ux at 100 °C with 500 mL of HCl 1 mol/L for 2 h. Afterwards the residual husk was washed with deionized water and dried at 110 °C overnight, which was called calcined and leached rice husk (CACL). The synthesis of MCM-41 was based on the reported procedure [17] . Two solutions were prepared: solution A: 5 g of hexadecyltrimethylammonium bromide (Aldrich) are dissolved in 33.5 g of distilled water. Solution B: on 8.65 g of a solution of 25% tetramethylammonium hydroxide (Aldrich), 0.96 g silica from rice husks were dispersed. Solution A was added to solution B, hydrolyzing additional 4.52 g of rice husk, leaving under stirring for 1 h.
The resulting gel was transferred to autoclaves with tefl on bottom and led to the oven for 24 h at 135 ºC. The sample was called CACLMCM-41. Comparing to this procedure, the same methodology was tested, using silica Aerosil 200 as source of silica, which was named SiMCM-41. All samples were calcined in fi xed bed reactor under fl owing nitrogen and synthetic air at 550 ºC/11 h.
Characterization of samples
XRD analyses were performed in a Minifl ex II Rigaku diffractometer with Ni fi lter and Cu-kα radiation (λ = 1.54 Å). For measurements of nitrogen adsorption, a Quanta Chrome Nova 1000 device was used; samples were pretreated for 3 h at 300 °C under vacuum. Scanning electron microscopy (SEM) was performed on a ESEM-XL30 Philips microscope, and samples were coated with a gold layer to prevent surface charges that could lead to image distortion. Thermogravimetric analyses were performed on a TGA-50H Shimadzu thermal analyzer with heating rate 10 ºC/min under synthetic air fl ow. Fig. 1 shows the X-ray diffractograms of the synthesized samples. It was observed in image (a) the synthesized sample CACLMCM-41, where the existence of the plane d 100 indicates the formation of mesoporous material with hexagonal structure. Planes d 100 and d 200 indicate the degree of organization of the pore system, and in comparison with standard sample SiMCM-41, image (b), this image shows that these refl ections are little resolved, indicating that the material has a low-order hexagonal pore system, as already reported [18] . The absence of refl ections at higher angles indicates that the material is not crystalline; however, there is a hexagonal arrangement, which also can be observed by the high intensity of the fi rst refl ection of plane d 100 . Furthermore, it could be concluded that the materials have good thermal stability, since they were submitted to Intensity calcination at maximum temperatures of 550 °C, and there was no destruction of their structure. Table I shows a comparison between the two procedures. The analyses of N 2 adsorption showed that the reference material, SiMCM-41, has higher s pecifi c area compared to CACLMCM-41. Despite this difference, the material has high specifi c area, a feature of mesoporous materials, which can also be proved by type-IV isotherms, characterizing its mesoporosity in Fig. 6 . The newtork parameter can be calculated in a simplifi ed manner through the expression a 0 = 2d 100 / 3 1/2 , where d 100 corresponds to the diffraction plane (d 100 ), related to the pore diameter Dp, estimated by the Barrett-Joyner-Halenda method ( BJH), and (Wt) as the wall thickness, calculated as the difference between the newtork parameter a 0 and the pore diameter Dp.
RESULTS AND DISCUSSION
The similarity between the values of pore diameter found in samples, that occurs due to the synthesis temperature, is primarily due to the use of the structure directing agent, hexadecyltrimethylammonium bromide, in which the pore size is controlled by the size of the alkyl chain, both factors are similar in the two syntheses.
For average wall thickness values, Wt, there is an increase of 0.30 nm in sample CACLMCM-41, which is probably due to the poor hexagonal organization of the unidirectional system of pores.
Scanning electron microscopy analysis of calcined and leached rice husk (CACL), Fig. 3a , indicates clusters and through the insert, irregular morphology of the material was observed, as already reported [19] . The SEM image obtained for CACLMCM-41, Fig. 3b , shows clusters with irregular morphology with particles larger than 50 μm. The fi brous form of swollen appearance, as seen in the insert, refers to channels where the cellulosic material obtained from rice husk was found occluded prior to heat treatment at 600 °C, as already reported [20] . The fi brous form also indicates that, possibly, chemical treatment did not totally dissolved silica present in rice husk, indicating that the material did not react in its entirety. Microscopy of aerosil 200 commercial silica samples (image a) and synthesized sample SiMCM-41 (image b) are shown in Fig. 4 . The starting commercial silica (image a) has greater porosity, which facilitates the dissolution of silica and its reaction with the base. Image b shows that the standard synthesized sample SiMCM-41 displays particle with size of 50 μm and particles with size of 7 μm in larger amounts. Comparing to sample CACLMCM-41, there is a better distribution of less clustered particles, which can be explained by the fact that aerosil 200 commercial silica is more reactive than CACL. Fig. 5 shows the results of thermogravimetric analysis of CACLMCM 41 and SiMCM-41 samples, respectively. MCM-41 has three mass loss events [21] . From 25 to 134 ºC there is desorption of water physically adsorbed, with mass losses of 5% in both samples. From 134 to 345 °C there is decomposition of hexagonally arranged surfactant, indicating that the sample SiMCM-41 has mass loss approximately 9% higher than sample CACLMCM-41, meaning that it has a larger amount of template and, consequently, increased formation of mesopores. These results are in agreement with specifi c area and X-ray diffraction analyses. Above 345 °C the mass loss occurs due to condensation of silanol groups present on the network.
CONCLUSIONS
Calcined and leached rice husk may be used for the formation of mesoporous materials. The synthesis provided material similar to the reference sample, showing median values of specifi c area, type-IV isotherms and pore hexagonal system, typical of MCM-41-type mesoporous materials. The scanning electron microscopy images show that the material did not react entirely due to the uncomplete dissolution of the silica present in rice husk. The thermogravimetric analysis show that mass losses are similar to that of the the standard sample, confi rming the possibility of synthesis.
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